Abstract: In the Next-to-Minimal Supersymmetric Standard Model with inverse seesaw mechanism for neutrino mass, the lightest sneutrino may act as a feasible DM candidate over broad parameter space. In this case, the upper bound on the unitary violation in neutrino sector and the recent XENON-1T experiment tightly limit the neutrino Yukawa couplings Y ν and λ ν , and thus alter significantly the DM physics. In present work we study such an effect by encoding the constraints in a likelihood function and then performing elaborated scans over the vast parameter space of the theory by Nested Sampling algorithm. Our results for the posterior possibility distribution function indicate that the DM prefers to coannihilate with the Higgsinos to get its right relic density. The induced tuning is usually around 40, but can be reduced significantly to 1 ∼ 10 if other channels also play a role in the annihilation. On the other side, most samples in our results predict the DM-nucleon scattering rate under the neutrino floor with its related tuning parameter less than 10. The Higgsinos with mass around 100GeV are preferred, so there is no tension between the naturalness for Z boson mass and DM direct detection experiments.
Introduction
As the most popular ultraviolet-complete Beyond Standard Model, the Minimal Supersymmetric Standard Model (MSSM) with R-parity conservation predicts two kinds of electric neutral, possibly stable and weakly interactive massive particles, namely sneutrino and neutralino, which may act as dark matter (DM) candidates [1, 2] . In the 1990s, it was proven that the left-handed sneutrino as the lightest supersymmetric particle (LSP) predicts a much smaller relic abundance than its measured value as well as an unacceptably large DM-nucleon scattering rate due to its interaction with Z boson [3, 4] . This fact made the lightest neutralino (usually with bino field as its dominant component) the only reasonable DM candidate so that it has been studied intensively since then. However, with the rapid progress in DM direct detection (DD) experiments in recent years, the candidate becomes more and more tightly limited by the experiments [5] [6] [7] assuming that it is fully responsible for the measured relic density and that the Higgsino mass µ is less than about 300GeV, which is able to predict Z boson mass in a natural way [8] . These conclusions apply to the Next-to-Minimal Supersymmetric Standard Model (NMSSM) [9] , where sneutrino is pure left-handed and the lightest neutralino as a DM candidate may be either bino or singlino dominated [10] . In this context, we revive the idea of sneutrino DM in extended SUSY [11] . Explicitly speaking, motivated by the phenomenology of neutrino oscillation, we augment the NMSSM with inverse seesaw mechanism by introducing two types of gauge singlet chiral superfieldsν R andX for each generation matter, which have lepton number −1 and 1 respectively and are called heavy neutrinos in literatures, and discuss whether theν R (the scalar compoent ofν R ) and/orx (the scalar compoent ofX) dominated sneutrino can act as a feasible DM candidate. We show by analytic formulas that the resulting theory (abbreviated as ISS-NMSSM hereafter) is one of the most economic framework to generate neutrino mass and meanwhile to reconcile the DM DD experiments in a natural way [11] .
It is well known that the introduction of the singlet fieldŜ in the NMSSM can solve the µ problem of the MSSM [10] , enhance the theoretical prediction of the SMlike Higgs boson mass [12] [13] [14] as well as enrich the phenomenology of the NMSSM (see for example [16] [17] [18] [19] [20] [21] ). In the ISS-NMSSM, theŜ also plays extraordinary roles in generating heavy neutrino mass by the Yukawa interaction λ νŜνRX and making the sneutrino DM compatible with various measurements [11] . The latter role can be understood from at least two apsects. One is that the newly introduced heavy neutrino fields are singlets under the gauge group of the SM model, so they can couple directly withŜ by the Yukawa coupling [11] . In this case, the scalar component fields ofν R ,X andŜ compose a secluded DM sector, which can account for the measured DM relic abundance by the annihilationν 1ν * 1 → A 1 A 1 withν 1 and A 1 denoting the lightest sneutrino and the singlet-dominated CP-odd Higgs boson respectively. Since this sector communicates with the SM sector mainly by the small singlet-doublet Higgs mixing, the scattering of theν 1 DM with nucleon is naturally suppressed, which coincides with current DM direct search results. The other is that the singlet field can mediate the transition betweenν 1 pair and the Higgsino pair so that these particles were in thermal equilibrium in early Universe before their freeze-out. If their mass splitting is less than about 10%, the number density of the Higgsinos can track that ofν 1 during freeze-out [22] (in literature such a phenomenon was called coannihilation [23] ). Since in this case the couplings ofν 1 with SM particles may be very weak, the scattering is also naturally suppressed. We emphasize that in either case the suppression favors small µ which appears in theν * 1ν 1 h i interaction, and hence there is no tension any more between the naturalness for Z boson mass and DM DD experiments [11] .
In the ISS-NMSSM, the DM annihilation rate and the DM-nucleon scattering rate depend not only on the coupling strength ofν 1 with SM particles, which relies on the Yukawa coupling coefficients λ ν and Y ν (that arises from theν L ·Ĥ uνR interaction) and their corresponding soft breaking trilinear parameters A λν and A Yν , but also on Higgs mass spectrum and the mixings among the Higgs fields, which are ultimately determined by the parameters in Higgs sector [11] . As a result, the DM physics is quite complicated, and a comprehensive study of the model is necessary to figure out its key features. This motivates us to perform an elaborated scan over the vast parameter space of the theory by Nested Sampling algorithm [15] . In carrying out such a study, we construct a likelihood function by LHC Higgs data, B-physics measurments and DM measurements like what we did in [24] for the Type-I seesaw extended NMSSM. Especially, we note that a large λ ν and/or Y ν can enhance significantly the DM-nucleon scattering rate, so they should be limited by the recent XENON-1T experiment [25] . We also note that the upper bound on the unitary violation in neutrino sector sets certain correlation between the couplings λ ν and Y ν [27] , which in return can limit the parameter space of the ISS-NMSSM. Since these constraints were not considered before, we include them in the likelihood function, and find that they make the physical picture of the theory quite different from that in [11] . For example, our results for the posterior possibility distribution function (PDF) indicate that Y ν 0.08 in 2σ credible region (CR) 1 , which is significantly different from the results in Fig.5 of [11] . They also predict that about 95% samples predict the coannihilation ofν 1 with the Higgsinos to get its right relic density, and more than 68% samples predict a suppressed DM-nucleon rate below neutrino floor. Obviously, these conclusions are interesting given the strong constraints of the DM DD experiments on the neutralino DM in the MSSM and the NMSSM.
This work is organized as follows. In section 2, we briefly introduce the theory of the ISS-NMSSM. In section 3, we describe the scan strategy adopted in this work. In section 4, we present numerical results and relevant discussions. Finally, we draw our conclusions in section 5.
NMSSM with inverse seesaw
Since the ISS-NMSSM has been introduced in detail in [11] , we only recapitulate its key features in this section.
Model Lagrangian
The renormalizable superpotential and the soft breaking terms of the ISS-NMSSM take following form [11] 
where W MSSM and L sof t M SSM represent those for the MSSM without the µ-term, terms in the first bracket on the right side of each equation make up the Lagrangian of the NMSSM and those in the second bracket are needed to implement supersymmetric inverse seesaw mechanism. Note that all the coefficients in the second brackets are 3 × 3 matrices in flavor space.
Same as the NMSSM, the Higgs sector of the ISS-NMSSM consists of three CPeven Higgs bosons h i and two CP-odd Higgs bosons A j , which are labelled by the convention m h 1 < m h 2 < m h 3 and m A 1 < m A 2 in this work.
Unitary Constraints
In the interaction basis (ν L , ν * R , x), the neutrino mass matrix is [11] 
where the 3 × 3 Dirac mass matrices are given by
λ ν with v u and v s being the vacuum expectation values of the field H u and S, respectively. This matrix is diagnolized by a 9 × 9 unitary matrix U ν
to get three light neutrinos and six heavy neutrinos. Without loss of generality, the rotation matrix U † ν can be decomposed into the blocks
with U 3×3 being the submatrix that encodes in the neutrino osccilation inforamtion and should be consistent with neutrino experimental results. On the other side, one can also extract the effective mass matrix of the light active neutrinos from Eq.(2.1), which is given by
. This matrix is diagonalized by the well-known unitary PontecorvoMaki-Nakagawa-Sakata (PMNS) matrix
Generally speaking, due to the mixings among the states (ν L , ν * R , x), the matrix U 3×3 in Eq.(2.2) does not coincide with the U PMNS , instead they are related by
In this sense, η ≡ 1 2
F F
† is a measure of the non-unitarity of the matrix U 3×3 , and a global fit to low energy experimental data requires that [28] 2|η| ee < 0.050, 2|η| µµ < 0.021, 2|η| τ τ < 0.075, 2|η| eµ < 0.026, 2|η| eτ < 0.052, 2|η| µτ < 0.035.
These inequations indicate U PMNS U 3×3 to a good approximation.
From Eq.(2.3), one can express the parameter µ X in term of the measurements of m ν i and U PMNS [27, 29] 
. This expression indicates that one may set Y ν and λ ν to be flavor diagonal, and attribute the neutrino experimental data solely to the non-diagonality of µ X . In this case, the unitary constraint becomes
These inequations indicate that for given λ, µ and v u , the ratio
Sneutrino DM
In the work [11] , we have discussed in detail the squared masses of CP-even and CP-odd sneutrinos, which depend on Y ν , λ ν , A ν , A λν , µ X , B µ X and the soft breaking masses ml, m ν and m x , and are 9 × 9 matrices in three generation (ν L ,ν * R ,x) basis. About the masses, three points should be noted. First, only µ X among the input parameters must be flavor non-diagonal to predict neutrino oscillation, but since µ X is usually less than 10KeV [29] , one can safely neglect it in calculating the masses. In this case, the mass matrices are flavor diagonal if there is no flavor mixings for the other parameters, so one can work in one generation (ν L ,ν * R ,x) basis to simplify the study of sneutrino DM physics. In this work, we take the third generation sneutrinos as DM sector since the unitary bound on this sector is the weakest. Second, the mass matrix for CP-even sneutrinos is related with that for CP-odd sneutrinos by the substitution µ X → −µ X and B µ X → −B µ X . Since the quantities µ X and B µ X represent the degree of lepton number violation, they should be suppressed greatly. In the limit µ X = 0 and B µ X = 0, any CP-even sneutrino is accompanied with a mass-degenerate CP-odd sneutrino. The sneutrino as an mass eigenstate then corresponds to a complex field, and it has its anti-particle [30] . If alternatively B µ X takes a small value, such as 100GeV 2 , the mass splitting between the CP-even and CP-odd states is usually less than 1GeV for mν ∼ 100GeV, and one may call such a sneutrino pseudo-complex particle [31, 32] . We checked that, as far as the cases discussed in this work are concerned, the DM observables such as its relic density and scattering rate with nucleon are very insensitive to the value of B µ X [11] , but in practice setting B µ X = 0 can reduce drastically our computing time since much more Feynman diagrams have to be calculated to get the observables when B µ X = 0.
In the following, we set µ X = 0 (since we are not interested in neutrino physics in this work) and B µ X = 0 to speed up our calculation. Third, since the mixings of the fields (ν * R ,x) withν L are proportional to Y ν , Y ν ∼ 0 required by the unitary constraint implies that theν L component in aν R and/orx dominated sneutrino DM is suppressed so that the coupling ofν 1 with Z boson is negligibly small. In this case, ν 1 mainly couples with the singlet dominated Higgs bosons.
It used to be thought that the sneutrino DM in extended SUSY mainly annihilated by following channels to get right relic density [33, 34] •ν 1ν1 → ss with s denoting a singlet dominated Higgs boson, which may proceed by corresponding four-point scalar coupling, s-channel mediation of a CP-even Higgs boson and t/u-exchange of a sneutrino state.
•ν 1ν1 → ηη * with η denoting any of SM particles or heavy neutrinos. This annihilation is mediated by a CP-even Higgs bosons, and since the involved interactions are usually weak, one of the bosons must be around resonance to make the contribution significant.
In the following, however, we will show by Bayesian analysis thatν 1 highly prefers to coannihilate with Higgsinos to get it right relic density, although sometimes the annihilation channels listed above may also play a role. This is a new point of view.
Scattering of Sneutrino DM with Nucleon
In the ISS-NMSSM, the scattering ofν 1 with nucleon N (N = p, n) is mediated mainly by CP-even Higgs bosons. Consequently, the spin independent cross section of the scattering is given by [11] Table 2 . Other fixed parameters in the scans where mq and ml are soft-breaking masses withq =Q,Ũ ,D andl =L,Ẽ, A i with i = u, d, c, s, e, µ, τ, λ are trilinear soft-breaking coefficients for squarks, sleptons and Higgs respectively, and 1 is unit matrix in flavor space. Besides, we assume the Yukawa couplings Y ν and λ ν and the soft-breaking masses mν and mx are flavor diagonal with their 11 and 22 elements presented in the table. We also set µ X = 0 and B µ X = 0 in this work so that CP-even and CP-odd sneutrinos are degenerate in mass. All these parameters are unimportant in sneutrino DM physics.
where
) represents the reduced mass of nucleon with mν 1 , F
are nucleon form factors with f
, S ij is the (i, j) element of the matrix S which is used to diagonalize the CP-even Higgs mass matrix in the basis (H d , H u , s), and the coefficient for theν * 1ν 1 h i interaction is given by
under the assumption tan β 1 and Z 11 0 (Z denotes the rotation matrix to diagonalize the sneutrino mass matrix, namelyν i = Z i1νL + Z i2ν * R + Z i3x ). These formulae indicate that a large Yukawa coupling λ ν or Y ν can enhance significantly the scattering rate, and thus they are limited by the recent XENON-1T results.
Survey the Property of Sneutrino DM
In order to study the property of the sneutrino DM in the ISS-NMSSM, we use the package SARAH-4.11.0 [35] [36] [37] to build relevant computer model files, the codes SPheno-4.0.3 [38] and FlavorKit[39] to generate particle spectrums and calculate low energy flavor observables respectively, and the package MicrOMEGAs 4.3.4 [40] [41] [42] to compute DM observables, such as its relic density and its scattering rate with nucleon, by assuming that the lightest sneutrino is the only DM candidate in the universe. We also consider the data of the discovered Higgs boson with the code HiggsSignal-2.0.0 [43] and the bound from the direct search for extra Higgs bosons at LEP, Tevatron and LHC by the code HiggsBounds-5.0.0 [44] . In calculating the radiative correction to the mass spectrum of the Higgs bosons, we note that the SPheno-4.0.3 only includes full one-and two-loop effects by a diagrammatic approach with vanishing external momenta [38] . This leaves an uncertainty less than about 3 GeV for the mass of the discovered Higgs boson, and must be taken into account in performing the Higgs data fit by the HiggsSignal-2.0.0. All these calculations are necessary to get physical parameter points of the model.
Scan Strategy
Noting that the property of the sneutrino DM depends on the parameters in both sneutrino sector and Higgs sector, we perform sophisticated scans 2 over the parameter ranges listed in Table 1 . The other unimportant parameters are fixed in Table 2 , and all the parameters are defined at the scale Q = 1TeV. We focus on the parameter space due to following considerations:
• Since the parameter space is huge, we fix A λ in Higgs sector, which is closely related with m H ± [10] , at 2TeV to simplify the analysis. In fact, m H ± 800GeV is favored by the recent global fit of the MSSM [45] , and the effect of the heavy doublet-dominated Higgs bosons on the DM physics is not important.
• We fix mQ
= 2TeV, set A t = A b and vary A t within the range |A t | ≤ 5TeV to take into account the important radiative correction from top/stop and bottom/sbottom loops to the Higgs mass spectrum. We remind that the color and charge symmetries of the theory remain unbroken for such a setting [46, 47] .
• The ranges of the parameters λ, κ, Y ν , λ ν and tan β are motivated by the perturbativity of the theory up to Planck scale [10] .
• Naturalness in predicting Z boson mass prefers µ ∼ O(10 2 GeV) [10] , so we require 100GeV ≤ µ ≤ 300GeV with the lower bound coming from the LEP search for chargino and neutralinos, and the upper bound imposed by hand.
• Roughly speaking, the lightest sneutrino as a DM candidate requires at least one of the soft breaking mass for third generation sneutrino, i.e. mν or mx in 2 In order to make our results as complete as possible, we adopt the MultiNest algorithm introduced in [15] to search for physical parameter points which are favored by both theory and experiments. We improve the statistics of the calculation by performing four independent scans for the h 1 scenario introduced below, and setting the nlive parameter in MuliNest to be 2000 in each of the scans. As a result, we totally computed about 1 × 10 9 physical points in our study. We remind that one frequently encounters in the scan the points where either the squared mass of any scalar particle is negative or the LSP is not a sneutrino. These samples must be abandoned. Table 1 , to be less than the Higgsino mass µ. We assume for simplicity that all of them are upper bounded by 300GeV.
• Given that |A κ | 300GeV is favored by Higgs spectrum [24] , we require it to be less than 1TeV.
• Since A ν and A λν can enhance significantly the DM-nucleon scattering rate [11] and that the soft-breaking sneutrino masses are upper bounded by about 300GeV, the two parameters should not be excessively large from naturalness consideration.
• We require the other dimensional parameters sufficiently large to escape the constraints from the direct search for sparticles at the LHC.
In the scan, we take flat distribution for the parameters λ and κ, and log distribution for the other input parameters in the scan. This is based on following considerations:
• One of the advantages of the Bayesian analysis is that one can encode his prior knowledge into the prior PDF of the input parameters so that the collapse from prior to posterior would be more efficient [48] . As far as the parameters Y ν , λ ν , A ν and A λν are concerned, we know in advance that they should be relatively small since they determine the couplings of the sneutrino DM and are thus limited by various experimental measurments [11] . The log distribution focuses on the case.
• It has been proven that the prior distribution for the parameters in Higgs sector is able to get reasonable posterior PDFs in a fast way [24] .
• Similar setting for the prior distribution of input parameters has been widely adopted in studying the phenomenology of the NMSSM, see for example [49, 50] .
Likelihood Function
We construct a likelihood function for the scan
and briefly introduce each contribution on the right side of the equation as follows:
• For the likelihood function in Higgs sector, we consider the case that the lightest CP-even higgs boson h 1 acts as the SM-like Higgs boson discovered at the LHC. Compared with the case that the second lightest CP-even Higgs as the discovered Higgs boson, this case is much more strongly supported by LHC data, which corresponds to a Jeffreys' scale of about 4 [24] 3 .
The expression of L Higgs is given by
where χ 2 h represents the fit of the predicted properties of h 1 to relevant LHC data with its value calculated by the peak-centered method in HiggsSignal [43] , and A 2 reflects whether the parameter point is allowed or excluded by the direct search for extra Higgs at colliders. In more detail, we take a total (theoretical and experimental) uncertainty of 3GeV for m h 1 in calculating the χ 2 h with the HiggsSignal, and set by the output of the HiggsBounds either A 2 = 0 (experimentally allowed) or A 2 = 200 (an arbitrary large number, corresponding to the case of being experimentally excluded).
• For any observable with a measured central value, such as Br(B s → µ + µ − ), Br(B s → X s γ) and DM relic density Ω ν 1 in this work, we take them Gaussian distributed, i.e.
where O th and O exp represent the theoretical prediction and the experimental central value of the observable O respectively, and σ denotes the total (theoretical and experimental) uncertainty.
• For the likelihood function of DM DD experiments L DD , we adopt a Gaussian form with a mean value of zero [53] :
where σ represents DM-nucleon scattering rate, and δ σ is expressed by the formula δ
with U L σ corresponding to the recent XENON1T bound on σ at 90% confidence level [25] , and 0.2σ parameterizing theoretical uncertainties.
• For the likelihood function of the DM indirect search from drawf galaxies L ID , we utilize the data provided by Fermi-LAT collaboration [54] and the likelihood function proposed in [55, 56] . We do not consider the constraint on line signal of γ-ray from Fermi-LAT data since it is rather weak [57] . Table 3 . One dimensional 1σ and 2σ credible regions for the input parameters obtained in the scan. These ranges reflect the preference of our results. • For the likelihood function of the unitary constraint in Eq.(2.5), we take following form
Numerical Results
In this section, we study the property of the sneutrino DMν 1 by providing some numerical results. We first show one dimensional CRs of the input parameters in Table 3 . Comparing the results in Fig.5 of [11] , one can learn that the favored range of Y ν is drastically reduced since in present work we update the constraints in [11] by including those from the leptonic unitary and the latest XENON-1T experiment. As we will show below, this makes the physical picture of the ISS-NMSSM quite simple. One can also learn that the 2σ regions of the input parameters are within the parameter space we considered in Table 1 , which proves that the setting of the parameter space in Table 3 is reasonable. In order to figure out the main annihilation mechanism ofν 1 , we show the twodomensional (2D) marginal posterior PDF on µ − mν plane in the left panel of Fig.1 . From the 1σ and 2σ CRs, one can infer thatν 1 prefers to coannihilate with the Higgsinos to get its right relic density. We regard this as a key feature of the ISS-NMSSM, and they are obtained only by Nested Sampling algorithm with the new constraints considered. Note that the Higgsino mass µ prefers to be less than 200GeV, which makes the ISS-NMSSM capable to predict Z boson mass in a natural way. The underlying reason is that, as we emphasized in [24] , we have set A λ ≡ 2TeV in this work, so the effective Higgs potential at eletroweak scale contains only the SM model Higgs field and the singlet field. Given v = 246GeV for the SM Higgs field, the natural choice of the singlet vev v s should be around v, which implies a light µ ≡ λvs √ 2 ∼ 100GeV. It is well known that the coannihilation usually induces a great fine tuning to get the right DM relic density. We investigate this issue in the ISS-NMSSM by defining the tuning of the density as
with p i denoting any of the input parameters in Table 1 and Max representing the maximum over all the parameters. In the right panel of Fig.1 , we project 6000 unweighted samples obtained in the scans on µ − mν plane with the color bar representing the value of ∆ Ω 4 . This panel indicates that ∆ Ω varies from 38 to 120 with the largest tuning from the resonant annihilation region, i.e. mν 1 m h 1 /2, and as far as the coannihilation region is concerned, the tuning is concentrated in the range from 38 to 50. We checked that, although the probability of occurrence by Bayesian statics is less than one thousandth, there exist some samples with ∆ Ω < 10, which implies that the model does not need tuning to the get the right density. These samples are characterized by the property thatν 1 usually annihilated by multi-channels (e.g. 5 . About the samples in Fig.1 , it should be noted that, if the mass splitting between the Higgsinos andν 1 is larger than about 70 GeV, they may be tightly limited by the LHC search for Di-tau plus E miss T signal since the ISS-NMSSM contributes to the signal by the process pp →χ [24] . In particular, this requires µ 130GeV for the resonance region if Br(χ − 1 → τν 1 ) = 100%. Obviously, the coannihilation region is unaffected since the τ lepton is soft in this case.
Next we turn to the scattering ofν 1 with nucleon. Similar to Fig.1 , we show in Fig.2 
The left panel indicates that the 1σ CR splits into two isolated islands with different features. For the island with mν 1 m h 1 /2,ν 1 annihilates mainly by the resonance of h 1 , and the scattering rate is above the neutrino floor. This island, however, is tightly limited by the LHC search for sparticles as mentioned before. By contrast, the samples in the other island coannihilated with the Higgsinos, and most of them in 1σ CR predict the scattering rate below the neutrino floor. The right panel shows the tuning induced by the scattering cross section, and it reveals that ∆ σ 20 for nearly all samples. The underlying reason for the low tuning is that there are various mechanisms to suppress the scattering rate in the ISS-NMSSM, which was illustrated analytically in [11] . Table 5 . Detailed information of a benchmark point with a lower tuning to get right relic density.
Finally, we show in Table 4 the detailed information of the best fit point obtained in the scans. We find its total χ 2 at 74.9, which mainly comes from the χ 2 h calculated by the HiggsSignal with 74 observables considered in the Higgs data fit [43] . For the sake of comparison, we also provide in Table 5 the information of another benchmark point with a lower tuning to get the relic density.
from drawf galaxies can play a role [11] .
Conclusion
Motivated by the more and more tight limitation from DM DD experiments on the traditional neutralino DM in natural SUSY, we study the implication of the lightest sneutrinoν 1 in the ISS-NMSSM as a DM candidate by considering the constraints from leptonic unitary and the recent XENON-1T experiment, which were neglected before. We encode the constraints in a likelihood function, and perform sophisticated scans over the vast parameter space of the model by Nested Sampling method. Our results for the posterior PDF reveal that the DM physics is rather simple, which can be summarized as follows:
• The DM prefers to coannihilate with the Higgsinos to get its right relic density. This usually induces a tuning about 40, but once the other annihilation channels, such asν 1ν * 1 → A 1 A 1 , also play a role, the tuning can be reduced to 1 ∼ 10.
• Most strikingly, the DM-nucleon scattering in the ISS-NMSSM can be suppressed by several mechanisms [11] . Especially, its rate tends to be under the neutrino floor without any tuning, and thus the scattering may not be detected in future.
• The Higgsino mass µ prefers to be around 100GeV, so there is no tension between the naturalness for Z boson mass and DM direct detection experiments.
Obviously, given these attractive features, the ISS-NMSSM should be paid due attention.
At the end of this work, we want to clarify several points:
• Our results do not forbid the case that the annihilationν 1ν * 1 → A 1 A 1 is the dominant annihilation channel. We just state that the possibility for this case is rather low by Bayesian statics.
• Our study actually shows the existence of certain parameter space in the ISS-NMSSM where both DM observable and electroweak symmetry breaking can occur without fine tuning. This is a good feature of the theory beside its capability to generate neutrino mass.
• As was pointed out in the appendix B of [24] , the posterior PDFs about the annihilation mechanism and the DM-nucelon scattering are not sensitive to the prior PDF we use. By contrast, although the preference of a low µ is somewhat dependent on the prior PDF, our choice in Table 1 can produce stable and reasonable results in a relatively fast way.
• Our calculation is computationally expensive. In fact, it took us about 0.6 million core-hours for Intel I9 7900X CPU to finish the calculation.
